Abstract We present a new worldwide phylogenetic classification of 11 506 grass species in 768 genera, 12 subfamilies, seven supertribes, 52 tribes, five supersubtribes, and 90 subtribes; and compare two phylogenetic classifications of the grass family published in 2015 (Soreng et al. and Kellogg). The subfamilies (in descending order based on the number of species) are Pooideae with 3968 species in 202 genera, 15 tribes, and 30 subtribes; Panicoideae with 3241 species in 247 genera, 13 tribes, and 19 subtribes; Bambusoideae with 1670 species in 125 genera, three tribes, and 15 subtribes; Chloridoideae with 1602 species in 124 genera, five tribes, and 26 subtribes; Aristidoideae with 367 species in three genera, and one tribe; Danthonioideae with 292 species in 19 genera, and one tribe; Micrairoideae with 184 species in eight genera, and three tribes; Oryzoideae with 115 species in 19 genera, four tribes, and two subtribes; Arundinoideae with 40 species in 14 genera, two tribes, and two subtribes; Pharoideae with 12 species in three genera, and one tribe; Puelioideae with 11 species in two genera, and two tribes; and the Anomochlooideae with four species in two genera, and two tribes. We also include a radial tree illustrating the hierarchical relationships among the subtribes, tribes, and subfamilies. Newly described taxa include: supertribes Melicodae and Nardodae; supersubtribes Agrostidodinae, Boutelouodinae, Gouiniodinae, Loliodinae, and Poodinae; and subtribes Echinopogoninae and Ventenatinae.
Introduction
Based on molecular DNA and morphological studies we presented a generic classification and hierarchical tree with detailed relationships of all subfamilies, tribes, and subtribes within the Poaceae (Soreng et al., 2015b) . In the same year a comprehensive treatment of the Poaceae was completed by Kellogg (2015) that included, in addition to a generic classification outlining relationships among the subfamilies, tribes, and subtribes, chapters on overall morphology, phytochemistry, distribution, reproduction, and domestication, and keys to subdivisions and genera, along with diagnoses and comments.
The classifications of Soreng et al. (2015b) and Kellogg (2015) represent a synthesis of molecular studies that have greatly added to traditional classifications based entirely on morphology, anatomy, and cytology (Clayton & Renvoize, 1986; Watson & Dallwitz, 1992) . In our earlier publication we recognized 764 genera in 12 subfamilies, six supertribes, 51 tribes, and 79 subtribes encompassing AE 12 074 species (Soreng et al., 2015b) whereas Kellogg (2015) recognized 698 genera, and 13 isolated species, without formal generic names, in the same 12 subfamilies, no supertribes, 30 tribes, and 53 subtribes encompassing ca. 11 000 species. In order to reduce redundancy, i.e., the use of more than one hierarchical name to circumscribe a clade or group, Kellogg (2015) chose to use fewer ranks below subfamily, avoiding all supertribe names, and tribes in small or single tribe subfamilies, or subtribes in small tribes, whereas Soreng et al. (2015b) perpetuated tribal names since they are integral ranks in the botanical code and have traditionally been used in the classification of the grasses for 200 years. We feel that for equivalence across the family each genus ought to be aligned within a tribe, and if monophyletic and morphologically diagnosable, prefixes for additional suprageneric taxa, such as, sub-and super-, should be used to recognize larger or smaller clades within or above tribes.
In this paper we compare our earlier grass classification (Soreng et al., 2015b) with the classification in Kellogg (2015) , and we present a new radial phylogenetic tree and updated classification incorporating new studies reported in the literature.
Material and Methods

Phylogenetic data
Starting with our radial phylogenetic tree derived from a large dataset of 448 grass species using matK and ndhF plastid DNA markers (Soreng et al., 2015b, Fig. 1.) , to assemble our new Figure 1 we then inserted new tribal and subtribal names in the appropriate location based on publications supported by molecular analyses (Besnard et al., 2013; Hochbach et al., 2015; Kellogg, 2015; Soreng et al., 2015a; Peterson et al., 2016; Teisher, 2016; Teisher et al., in press; Wong et al., 2016) . Joinvillea Gaudich. ex Brongn. & Gris and Ecdeiocolea F. Muell. were used as outgroups based on previous studies (Michelangeli et al., 2003) . For our new classification we also used our unpublished DNA sequences that are not yet available to the public, particularly in the Pooideae and Chloridoideae. We base our generic limits and concepts on current phylogenetic studies, and when this is lacking, we generally take the conservative view using morphology, cytology, and anatomy as a guide. However, there are many occasions when a lineage is unresolved and requires additional study. The number of species per genus, leading to the total number per subtribe, tribe, and subfamily (Appendices 1 and 2) was calculated primarily by consulting GrassWorld (Simon, 2014) , GrassBase (Clayton et al., 2016) , and the entire taxonomic literature.
Nomenclature
All suprageneric taxa and genera are recorded in the Missouri Botanical Garden's taxonomic database, Tropicos (http:// www.tropicos.org/Home.aspx), with their original place of publication and authorship. We used this database to generate all author names and we follow the suggested abbreviations in Brummitt & Powell (1992) and the International Plant Names Index (http://www.ipni.org/index.html). New updated classifications (Soreng et al., 2017) are also available at: http://www.tropicos.org/projectwebportal.aspx? pagename¼ClassificationNWG&projectid¼10.
Appendix I lists a comparison of the suprageneric classification of Kellogg (2015) , Soreng et al. (2015b) , and our current version. Appendix II arranges each genus in our current classification, and accounts for all legitimate (and some illegitimate and invalid) suprageneric names and synonyms we have documented along with authorship and date of publication. Each genus in Appendix II is color coded to indicate the predominant indigenous distribution of its species in the Americas (Western Hemisphere), Africa, Australasia, and Eurasia. Photosynthetic pathway is noted as C 3 or C 4 for each highest rank where it is internally constant. Generic names in italics indicate DNA has been studied for one or more of the species. Comments are liberally inserted after accepted names to indicate special issues such as reticulate origins (nothotaxa are not listed). Doc. S1 lists all the treated genera with their authors, their acceptance or synonymy, and an estimate of the number of species in each genus, and its subfamily classification.
Results
Comparison of two classifications
The following is a list of 40 genera accepted by Soreng et al. (2015b) and in our new classification (except Leptophyllochloa which is now a synonym of Cinnagrostis); names in parentheses were treated as synonyms by Kellogg (2015) , and 14 of these (marked with an asterisk Ã ) we now place as synonyms in our new classification: Aegilops (syn. Amblyopyrum), Agrostis (syn. Chaetopogon Ã ), Arthropogon (syn. Achlaena, Altoparadisium), Axonopus (syn. Baptorhachis), Bambusa (syn. Phuphanochloa), Chasmanthium (syn. Bromuniola Ã ), Chionachne (syn. Polytoca, Sclerachne, Trilobachne), Cleistochloa (syn. Ancistrachne, Calyptochloa), Desmazeria (syn. Catapodium), Deyeuxia (syn. Dichelachne), Diarrhena (syn. Neomolinia), Dupontia (syn. Arctophila), Ehrharta (syn. Microlaena, Tetrarrhena, Zotovia), Elymus (syn. Anthosachne, Connorochloa, Douglasdeweya, Kengyilia, Pascopyrum), Eragrostis (syn. Ectrosia Ã , Harpachne Ã , Pogonarthria Ã , Psammagrostis Ã ), Eulalia (syn. Pseudopogonatherum), Homopholis (syn. Walwhalleya Ã ), Leptatherum (syn. Polliniopsis Ã ), Leucopoa (syn. Drymochloa, Leucopoa), Leymus (syn. Hordelymus), Melinis (syn. Mildbraediochloa Ã ), Microchloa (syn. Rendlia Ã ), Miscanthus (syn. Miscanthidium, Narenga, Miscanthus, Sclerostachya), Mnesithea (syn. Ratzeburgia), Munroa (syn. Dasyochloa), Neurachne (syn. Paraneurachne), Otachyrium (syn. Plagiantha, Steinchisma), Panicum (syn. Yakirra Ã ), Parabambusa (syn. Pinga), Paractaenum (syn. Plagiosetum), Paspalum (syn. Spheneria Ã ), Phleum (syn. Pseudophleum), Saccharum (syn. Erianthus), Schizostachyum (syn. Dendrochloa Ã ), Sorghum (syn. Hemisorghum), Trisetaria (syn. Avellinia, Gaudinia, Koeleria, Leptophyllochloa, Peyritschia, Rostraria, Trisetum), Tristachya (syn. Dilophotriche, Loudetiopsis, Zonotriche), Urochloa (syn. Megathyrsus, Scutachne), Ventenata (syn. Gaudinopsis), Zeugites (syn. Pohlidium Ã ). The following is a list of 16 genera accepted by Kellogg (2015) with names in parentheses treated as synonyms by Soreng et al. (2015b) , four of which (marked with an asterisk Ã ) we now accept in our new classification: Andropogon (syn. Hypogynium), Aulonemia (syn. Colanthelia Ã ), Calamagrostis (syn. Deyeuxia), Cenchrus (syn. Snowdenia), Chloris (syn. Ochthochloa), Coelachyrum (syn. Coelachyriopsis), Deschampsia (syn. Scribneria), Dichanthium (syn. Eremopogon Ã ), Festuca (syn. Loliolum), Leptochloa (syn. Trichloris), Mnesithea (syn. Hackelochloa Ã ), Puccinellia (syn. Pseudosclerochloa), Reitzia (syn. Piresia), Sorghum (syn. Cleistachne Ã , Sarga), and Sporobolus (syn. Calamovilfa, Crypsis, Spartina, Thellungia).
The following 24 genera were accepted by Soreng et al. (2015b) but were not accounted for in Kellogg (2015) Soreng et al. (2015b) .
New classification
A radial tree ( Fig. 1) illustrating the hierarchical relationships among the subtribes, tribes, and subfamilies depicts Poaceae as monophyletic with 12 monophyletic subfamilies, in order of divergence: Anomochlooideae (four species in two genera), Pharoideae (12 species in three genera), and Puelioideae (11 species in two genera) forming the basal lineages;
Oryzoideae (115 species in 19 genera), Bambusoideae (1670 species in 125 genera), and Pooideae (3968 species in 202 genera) forming the BOP clade (Clark et al., 1995) ; and Aristidoideae (367 species in three genera) þ Panicoideae (3241 species in 247 genera) as sister to the remaining set of Arundinoideae (40 species in 14 genera) þ Micrairoideae (184 species in eight genera), and Danthonioideae (292 species in 19 genera) þ Chloridoideae (1602 species in 124 genera), forming the PACMAD clade (S anchez-Ken & Clark, 2010) [
In the above 12 subfamilies we recognize 52 tribes, 90 subtribes, and 768 genera in approximately 11 506 species (Appendices I & II, Doc. S1). The numbers of genera and species in each of the 52 tribes are as follows: Ampelodesmeae (1, 1), Fig. 1 . A phylogenetic classification of the Poaceae, includes 12 subfamilies, 53 tribes, and 90 subtribes evolving clockwise from Joinvillea and Ecdeiocolea (outgroups). BOP ¼ Bambusoideae, Oryzoideae, and Pooideae; PACMAD ¼ Panicoideae, Aristidoideae, Chloridoideae, Micrairoideae, Arundinoideae, and Danthonioideae. Thick branches represent subfamily splits; medium thick branches represent tribe splits; and thin branches represent subfamily splits.
Andropogoneae (98, 1202) , Anomochloeae (1, 1), Aristideae (3, 367), Arundinarieae (31, 581), Arundineae (4, 17), Arundinelleae (3, 86) , Atractocarpeae (1, 5), Bambuseae (73, 966) , Brachyelytreae (1, 3), Brachypodieae (1, 22), Bromeae (1, 165), Brylkinieae (1, 1), Centotheceae (2, 3), Centropodieae (2, 6), Chasmanthieae (1, 7), Cynodonteae (95, 859), Cyperochloeae (2, 2), Danthonieae (18, 291), Diarrheneae (2, 5), Duthieeae (8, 16) , Eragrostideae (14, 489) , Ehrharteae (4, 38), Eriachneae (1, 50), Guaduelleae (1, 6), Gynerieae (1, 1), Isachneae (6, 119), Lecomtelleae (1, 1), Littledaleeae (1, 4), Lygeeae (1, 1), Meliceae (7, 158), Micraireae (1, 15) Molinieae (14, 178), Nardeae (1, 1), Olyreae (21, 123), Oryzoideae (11, 71) , Paniceae (83, 1227) , Paspaleae (39, 597), Phaenospermateae (1, 1), Phareae (3, 12), Phyllorachideae (2, 3), Poeae (121, 2562), Steyermarkochloeae (2, 2), Stipeae (28, 527), Streptochaeteae (1, 3), Streptogyneae (1, 2), Thysanolaeneae (1, 1), Triraphideae (3, 15), Tristachyideae (8, 87), Triticeae (27, 501), Zeugiteae (4, 17), and Zoysieae (4, 233) [Appendix I]. We recognize 90 subtribes (number of genera, number of species): Aeluropodinae (2, 7), Agrostidinae (11, 409), Airinae (7, 43), Alopecurinae (3, 47), Ammochloinae (1, 3), Andropogoninae (25, 514), Anthephorinae (8, 291), Anthoxanthinae (1, 42), Aristaveninae (1, 51), Arthraxoninae (1, 27), Arthropogoninae (16, 71) , Arthrostylidiinae (15, 185) , Arundinariinae (31, 581) , Aveninae (18, 343) , Bambusinae (17, 324) , Beckmanniinae (4, 6), Boivinellinae (18, 146), Boutelouinae (1, 60), Brizinae (2, 6), Buergersiochloinae (1,1), Calothecinae (1, 22), Cenchrinae (24, 287), Chinoachninae (5, 15), Chusqueinae (1, 175), Cinninae (5, 13), Coicinae (1, 4), Coleanthinae (10, 156), Cotteinae (4, 28), Crinipinae (4, 10), Cteniinae (1, 20), Cynosurinae (1, 10), Dactylidinae (2, 4), Dactylocteniinae (4, 20) , Dichantheliinae (2, 76), Dinochloinae (7, 56), Echinopogoninae (5, 20) , Eleusininae (27, 231), Eragrostidinae (5, 451), Farragininae (2, 4), Germainiinae (4, 31), Gouiniinae (6, 21), Greslaniinae (1, 2), Guaduinae (5, 53), Hickeliinae (9, 32), Hilariinae (1, 10), Holcinae (2, 11), Holttumochloinae (3, 6), Hubbardochloinae (8, 27) , Ischaeminae (7, 151), Loliinae (9, 659), Melinidinae (13, 166) , Melocanninae (9, 99), Miliinae (1, 5), Moliniinae (4, 7), Monanthochloinae (1, 11), Muhlenbergiinae (1, 182), Neurachninae (6, 21), Olyrinae (17, 88), Orcuttiinae (2, 9), Orininae (2, 20), Oryzinae (4, 44), Otachyriinae (5, 34), Panicinae (3, 157), Pappophorinae (3, 25) , Parapholiinae (8, 26), Parianinae (3, 34) , Paspalinae (17, 491), Perotidinae (3, 19) , Phalaridinae (1, 17), Phleinae (1, 16), Poinae (1, 550), Racemobambosinae (3, 31), Rottbolliinae (16, 112) , Saccharinae (26, 179) , Scleropogoninae (6, 15), Scolochloinae (2, 3), Sesleriinae (5, 39), Sporobolinae (2, 221), Temburongiinae (1, 1), Torreyochloinae (2, 16), Traginae (6, 16), Trichoneurinae (1, 8), Triodiinae (1, 69), Tripogoninae (7, 66) Tripsacinae (7, 59), Uniolinae (5, 10), Ventenatinae (6, 21), Zaqiqahinae (1, 1), Zizaniinae (7, 27), and Zoysiinae (2, 12) [Appendices I & II, Doc. S1].
We tally 4783 species with known C 4 metabolism occurring in Aristidoideae, Chloridoideae, Micrairoideae, and Panicoideae or approximately 41.6% of the grasses.
Taxonomy
Based on our results we propose two new supertribes, five new supersubtribes, and two new subtribes below.
Type: Agrostis L., Sp. Pl. 1: 61. 1753.
Description: Annuals or perennials; upper culm leaf sheaths open to the base; ligules membranous without a fringe of hairs; synflorescence paniculate, sometimes densely contracted; spikelets 1-flowered, or several-flowered (Brizinae and Calothecinae, rarely elsewhere); disarticulation above or below the glumes; multi-flowered spikelets often plump, and with broad paleas; glumes shorter or longer than the lowest floret; rachilla extension absent or minute, or well-developed and often pilulose or pilose; lemmas glabrous or with a short line of hairs along the margins, with or without awns, awns terminal subterminal or dorsal, lateral veins often excurrent as short teeth or setae or forming awns; callus glabrous, bearded, or with a crown of hairs (hairs rarely in several tufts); paleas coriaceous, chartaceous, scarious, or hyaline (and frequently rudimentary), keels well-spaced with narrow flanges, or approximate with flanges broader than the gap between the keels; lodicules lanceolate, unlobed or sometimes lobed, hyaline, obscurely veined; ovary glabrous or hairy; caryopsis hard or soft, with lipid (where known), hilum linear, elliptical, or round.
Included subtribes: Agrostidinae, Brizinae, Calothecinae, and Echinopogoninae.
Distribution: Echinopogoninae and Calothecinae are primarily southern hemisphere (excluding Africa), Brizinae are in Europe and southwest Asia, and Agrostidinae are worldwide.
Type: Bouteloua Lag., Varied. Ci. 2(4, 21): 134 . 1805. Description: Perennials or annuals, sometimes stoloniferous or rhizomatous; ligules membranous or a fringe of hairs; synflorescence a panicle, occasionally a false spike with spicate branches; spikelets 1-10(-25)-flowered, bisexual, unisexual (monoecious or dioecious) or sterile, solitary, paired or in triplets; glumes 1-3(-11)-veined; lemmas usually 3(7-13)-veined, the apex entire, lobed or cleft, unawned, mucronate or awned.
Included subtribes and genera: Boutelouinae, Hilariinae, Monanthochloinae, Muhlenbergiinae, Scleropogoninae, and Traginae; included orphan genera: Allolepis, Jouvea, Kalinia, and Sohnsia.
Distribution: Boutelouinae, Hilariinae, Monanthochloinae, Muhlenbergiinae, Scleropogoninae, Allolepis, Jouvea, Kalinia, and Sohnsia are almost exclusively from the western hemisphere; Traginae is primarily African.
Echinopogoninae Soreng, subtribe nov.
Type: Echinopogon, P. Beauv., Ess. Agrostogr. 42, 148, 161.
1812.
Description: Annuals and perennials; spikelets 1-flowered (1 or infrequently 2-flowered in Relchela); rachilla extension present, terete in cross section, 1/5-4/5 the lemma in length (minute in Dichelachne), glabrous or the longer ones short pilose to hispid along the length; callus blunt, rounded or oblique (rarely sharp), with a distinct crown of hairs around the base or along the sides, to 1/10-1 /2 the lemma in length (rarely bearded along the sides in Dichelachne crinata); lemmas subcoriaceous to coriaceous, smooth or scabrous, awnless (Relchela) or awned, central awn stout, entered by intermediate veins (Echinopogon and Ancistragrostis), and straight or sinuous (uncinate in Ancistragrostis), or only the central vein, frequently scabrid; palea at least distally, coriaceous to chartaceous, and green in part, or scarious (Dichelachne), as long as the lemma, keels closely spaced and densely scabrous to ciliate distally (or smooth or minutely scabrous in Dichelachne), lateral margins more than (1-) 2-3 x broader than the gap between the keels; ovary apex with stiff hairs at least on the base of the styles or glabrous (some Dichelachne); caryopsis solid (Relchela, Echinopogon) or soft (Dichelachne), rounded, lanceoloid, narrowly sulcate; hilum 1/ 3-1/2 the grain in length, broadly to narrowly linear.
Included genera: Ancistragrostis, Dichelachne, Echinopogon, Pentapogon, and Relchela.
Distribution: The genera are confined to the southern hemisphere, mainly in Australasia, but Relchela is endemic to southern South America. Description: Perennials or annuals; culms erect, often geniculate or decumbent; ligules membranous, sometimes a fringe of hairs; synflorescence of many racemes scattered along a central axis, sometimes subdigitally arranged; spikelets 1-14-flowered with bisexual (perfect) florets; glumes 1-7-veined; lemmas usually (0 or 1)3(5-9)-veined, unawned, mucronate or awned.
Included subtribes: Cteniinae, Farragininae, Gouiniinae, Hubbardochloinae, Perotidinae, Trichoneurinae, and Zaqiqahinae.
Distribution: Farragininae and Zaqiqah are African; Gouiniinae is western hemisphere; Ctenium, Hubbardochloinae, and Trichoneurinae are African and western hemisphere; Perotidinae is African and southeast Asian.
Loliodinae Soreng, supersubtribe nov.
Type: Lolium L., Sp. Pl. 1: 83. 1753. Description: Annuals and perennials; upper culm leaf sheaths usually open to the base; ligules membranous without a fringe of hairs; synflorescence paniculate, racemose, or spicate; spikelets multiple-flowered spikelets (except Hainardia), disarticulation above or below the glumes, sometimes along branches or axes; glumes shorter than the first lemma, infrequently equaling the first lemma, the lower glume sometimes rudimentary; rachilla joints glabrous, often slightly flattened in cross section; lemmas with terminal, rarely subterminal, awned or without awns, glabrous, infrequently hispidulous; callus glabrous, rarely short hairy; lodicules 2, rarely absent, hyaline, usually lobed, obscurely veined; ovary with styles well separated; caryopses glabrous or hairy, hard without lipid or with lipid (soft in some Parapholiinae), hilum long linear (short linear in some Parapholiinae).
Included subtribes: Ammochloinae, Dactylidinae, Loliinae, Parapholiinae.
Distribution: Festuca is worldwide, but other than Megalachne and Podophorus of the Juan Fernandez Islands off the coast of Chile, the rest of the genera are confined to the eastern hemisphere, mostly around the Mediterranean; Pseudobromus is African. Perennials; sheaths open to the base; leaf blades with bicellular microhairs with the terminal cell inflated (Lygeum); synflorescence a secund spike (Nardus) or reduced to a single spatheolate highly modified compound spikelet per flowering culm (Lygeum); spikelets 1-flowered (Nardus) or 2 (3)-flowered (Lygeum); rachilla extension absent; glumes rudimentary or absent; lodicules absent; styles 1, linear, non-plumose and papilliate (Lygeum) or simple plumose (Nardus); caryopsis hilum long-linear.
Included tribes: Lygeeae, Nardeae Distribution and habitat: Europe and Mediterranean to southwestern Asia, Nardus occurs in alpine and moor lands, Lygeum in arid low hills and plains of subcoastal Mediterranean.
Type: Poa L., Sp. Pl. 1: 67. 1753. Description: Annuals and perennials; upper culm leaf sheaths open to the base or closed for some length; synflorescence paniculate, rarely racemose (Gaudinopsis) or spicate (Pholiurus); spikelets 1-or several-flowered; disarticulation above or infrequently below the glumes; glumes welldeveloped, the upper glume usually 3 /4 to slightly exceeding the proximal lemma in length (sometimes saccate in Beckmanniinae); rachilla joints in multiple flowered spikelets terete in cross section, glabrous, scabrous, or puberulent (with an apical crown of hairs in Bellardiochloa); lemmas laterally compressed, often distinctly keeled, frequently pubescent; awns terminal, subterminal or dorsal; callus in multiple-flowered spikelets commonly with a short crown or infrequently a beard of hairs (hairs commonly dorsal in Poa), sometimes glabrous; paleas usually chartaceous or membranous and green in part (hyaline or absent in Alopecurinae); lodicules 2 (rarely absent), hyaline, often lobed, obscurely veined; ovary with styles approximate or connate at base, plumose, compound or simple; caryopsis glabrous, hard or soft, lipid usually present, hilum (<1/3 the grain in length, short, round to narrowly elliptical (not linear).
Included subtribes: Alopecurinae, Beckmanniinae, Cinninae, Miliinae, Phleinae, Poinae, and Ventenatinae; included orphan genera: Arctagrostis, Arctophila, Brizochloa, Dupontia, Dupontiopsis, Hookerochloa, Nicoraepoa, Saxipoa, Sylvipoa. Description: Annual (perennial in Bellardiochloa); tufted; upper leaf sheath fused for 1-4 mm at the base (1-4% the length); leaf blades involute, sometimes weakly so, infrequently flat, adaxially usually with pronounced ribs, scabrous or scabrous-hispidulous when involute; ligules (1-) 2-7 mm long, membranous, apex often lacerate; synflorescence paniculate (racemose in Gaudinopsis), sometimes whorled; spikelets disarticulation above (rarely also below in Ventenata) the glumes and between the florets, with a rachilla extension; glumes shorter or longer than the lowest floret, 1-9-veined; Spikelets 1-or (2)-flowered (Apera), or 2-5 (-10)-flowered; callus with a beard or crown of hairs (hairs sometimes minute), or glabrous; lemmas 2-15 mm long, (1 or 3) 5-veined, lanceoloid to oblanceoloid, abaxially rounded, glabrous or sometimes proximally with a short line of hairs on lateral veins and keel, awned, the awn dorsal and geniculate, or terminal (rarely absent in all florets), sometimes with awns from the lobes of a bifid apex; paleas chartaceous or membranous, green in part, 2-keeled, keels scabrous or pectinate ciliate in part; flowers bisexual; lodicules 2, free, distally hyaline, lanceolate, lobed or entire; anthers (1) 3; styles terminal, adjacent and free or briefly connate at base, stigmatic branching plumose or simple plumose; caryopses glabrous, endosperm with lipid, soft, hilum less than 1/10-1/5 the grain in length. x ¼ 7 (only diploids known).
Included genera: Apera, Bellardiochloa, Gaudinopsis, Nephelochloa, Parvotrisetum, and Ventenata.
Distribution: The species are found primarily in southwestern Asia and adjacent Europe. Kellogg (2015) accepted 698 genera along with 13 additional clades or grades for a total of 711 generic level entries whereas Soreng et al. (2015b) included 764; 675 genera were accepted in both accounts. Eighty-nine genera accepted by Soreng et al. (2015b) were not accepted by Kellogg (2015) ; 65 of these were placed in synonymy while 24 were unaccounted for. Twentyfour genera accepted by Kellogg (2015) were not accepted by Soreng et al. (2015b) . Nineteen of the 24 genera were placed in synonymy and five were unaccounted for. There were 87 genera and synonyms that we were unaware of having molecular data to aid in a decision (Soreng et al., 2015b) . Twelve of Kellogg's genera include a total of 40 generic names (as synonyms) accepted by Soreng et al. (2015b) while Trisetaria, Elymus, and Eragrostis sensu Kellogg account for 17 genera accepted by Soreng et al.; another 27 accepted genera were placed as synonyms in Kellogg. More significant is consensus between these two classifications by using the criterion of monophyly, and the inherent importance of molecular synthesis in dictating the acceptance of the same 12 subfamilies. Remarkably, only three genera (Alloeochaete, Danthonidium, and Phaenanthoecium) were placed in different subfamilies (Arundinoideae versus Danthonioideae), and only one genus (Streptogyna, in Kellogg, 2015) was left unplaced in a subfamily with the acknowledgment that it may be sister to the subfamily in which Soreng et al. (2015b) placed it (Oryzoideae). Kellogg (2015) explicitly united the following tribes accepted by Soreng et al. (2015b) : Brylkinieae in Meliceae, Lygeeae in Nardeae, Ampelodesmeae in Stipeae, Zeugiteae in Chasmanthieae, Thysanolaeneae and Cyperochloeae in Centotheceae (all without subtribes); and Arundinelleae in Andropogoneae (as a subtribe). However, overall there were very few genera placed explicitly in different tribes. Each classification listed incertae sedis genera (i.e., of uncertain alignment) within the next lower accepted rank, and usually the difference here depended on availability of molecular data for assessing relationships, particularly for poorly known, small or monotypic genera with limited distribution.
Discussion
Overall comparison
Keeping up with recent changes and newly published taxa also contributed to divergent classifications. For instance, 179 genera have been published since Clayton & Renvoize (1986) , 53 of these since 2009, and 14 since 2014. Needless to say, several recently described genera were absent from each of our classifications, or accepted without reciprocal evaluation. In Soreng et al. (2015b) we indicated (in Table 1 by italics) 783 genera (accepted and synonyms) that were known to have DNA sequence data and 87 genera that lack this information. In our current classification we indicate that 863 genera have DNA sequence data, including 700 of our currently accepted genera. Of course, not all of the DNA sequence markers are from the same region. In our current classification 667 of our 768 accepted genera are in common with Kellogg (2015) . Of the 101 generic differences, Kellogg did not account for 48, including 15 new genera, and 33 other genera not mentioned in synonymy. There are multiple reasons for the above differences: different molecular publications or data sets available to the authors (including unpublished data), different interpretations of the results, different circumscriptions of some genera, planned or ongoing research to resolve conflicts of non-monophyly, different taxonomic expertise, the timing of the writing (Kellogg's manuscript took many years to prepare and review, leading to some inflexibility in making updates), and sometimes a tendency to split or lump taxa.
Anomochlooideae, Pharoideae, and Puelioideae
The basal lineages Anomochlooideae and Puelioideae each have two tribes and Pharoideae has a single tribe in Soreng et al. (2015b) whereas Kellogg (2015) recognized the same genera only within subfamily rank. These three subfamilies are unchanged from Soreng et al. (2015b) in our new classification. Kellogg (2015) placed Streptogyna as incertae sedis in the BOP clade whereas Soreng et al. (2015b) placed it in the tribe Streptogyneae at the base of the Oryzoideae. The Ehrharteae sensu Soreng et al. (2015b) comprised four genera, Ehrharta, Microlaena, Tetrarrhena, and Zotovia whereas Kellogg (2015) placed the last three within Ehrharta. Even though Verboom et al. (2003) found Microlaena polyphyletic and recognition of Tetrarrhena and Zotovia appears to render Ehrharta paraphyletic, better plastid DNA markers and taxa need to be surveyed to address the monophyly of these four genera. Soreng et al. (2015b) placed Maltebrunia and Prosphytochloa in Zizaniinae whereas Kellogg (2015) followed Tang et al. (2010) who indicated the pair are sister to Leersia and belong in the Oryzinae. In our new classification we still retain Ehrharta, Microlaena, Tetrarrhena, and Zotovia in the Ehrharteae, and we have aligned Maltebrunia and Prosphytochloa in the Oryzinae. Like Oryza, Maltebrunia and Prosphytochloa have spikelets with two basal sterile florets and 5-veined lemmas while most members of the Zizaniinae lack basal sterile florets and have 3-10-veined lemmas (Terrell et al., 2001; Clayton et al., 2016) .
Oryzoideae
Bambusoideae
The Bambusoideae represent the only major clade of grasses to diversify primarily in association with forests and in our new treatment the subfamily includes 1670 species in 125 genera in 3 tribes: Arundinarieae (temperate woody bamboos), Bambuseae (tropical woody bamboos) and Olyreae (herbaceous bamboos (Kelchner et al., 2013; Clark et al., 2015; Wysocki et al., 2015; Dransfield, 2016; Zhang et al., 2016; Vorontsova et al., 2016) . In addition to strong molecular support for their monophyly, the bamboos are distinguished by the presence of strongly asymmetrically invaginated arm cells in the leaf mesophyll as seen in transverse section, although this is modified to weakly invaginated arm cells or rosette cells in some taxa . Bamboos also possess relatively broad and pseudopetiolate leaf blades usually with fusoid cells flanking the vascular bundles, features considered plesiomorphic within the family. The woody bamboos (Arundinarieae and Bambuseae) share well developed rhizome systems, highly lignified culms, culm leaves well differentiated from the foliage leaves, well developed and often complex aerial branching, and foliage leaves with outer (contra) ligules . Culms develop in two phases: first, new, unbranched shoots bearing a culm leaf at each node emerge from the soil and elongate to their full height; second, the culms become lignified and aerial branches develop and produce foliage leaves. Woody bamboos all have bisexual spikelets and usually exhibit gregarious flowering followed by monocarpy after long vegetative cycles (Guerreiro, 2014; Clark et al., 2015) . The two tribes differ, however, in their patterns of branch development and cytology and to a lesser extent, rhizome morphology. The Arundinarieae generally exhibit basipetal branch development and are uniformly tetraploid (2n ¼ 48, x ¼ 12). Most are strictly runners, with leptomorph, monopodial rhizomes, but some genera (e.g., Bergbambos, Fargesia, Kuruna) possess only pachymorph, sympodial rhizomes Attigala et al., 2016) . The Bambuseae, however, exhibit acropetal or bidirectional branch development and are either tetraploid or hexaploid [2n ¼ 40, 44, 48 with x ¼ 10, (11) or 12 or 2n ¼ 72, with x ¼ 12]. Most have strictly pachymorph, sympodial rhizomes, but amphimorph or leptomorph rhizomes are documented in Chusquea . The herbaceous bamboos (Olyreae), on the other hand, lack well differentiated culm leaves and outer ligules, and have relatively weakly lignified culms, restricted vegetative branching, and unisexual spikelets. Virtually all exhibit seasonal flowering, with a very few species apparently exhibiting gregarious monocarpy .
Molecular data have confirmed that the Bambusoideae, especially the two woody tribes, exhibit a complex history of hybridization and allopolyploidy (Fisher et al., 2009 Triplett et al., , 2014 Goh et al., 2013; Yang et al., 2013; Attigala et al., 2014; Oliveira et al., 2014) . Within Arundinarieae, the three traditionally recognized subtribes are polyphyletic and have been abandoned in favor of numbered lineages or clades (now twelve) based on molecular support (cited in Kellogg, 2015 but not in Soreng et al., 2015b) , and a number of genera, including Ampelocalamus, Indocalamus, Pleioblastus and Pseudosasa among others, are demonstrably nonmonophyletic Zeng et al., 2010; Yang et al., 2013; Zhang et al., 2016) . Although some generic realignments have been formalized in recent years, such as the recognition of Bergbambos and Oldeania (Stapleton, 2013) and Kuruna (Attigala et al., 2014) , and a much narrower concept of Arundinaria , much work remains to be done in this taxonomically challenging tribe.
Two major clades based primarily on molecular support comprise the Bambuseae: the Neotropical woody bamboos (tetraploid) and the Paleotropical woody bamboos (hexaploid) . Within the Neotropical clade of the Bambuseae, the recognition of three subtribes has remained stable, with Chusqueinae well supported as sister to the Arthrostylidiinae þ Guaduinae clade . For the most part the generic classification has remained stable as well; the classifications of Kellogg (2015) and Soreng et al. (2015b) for this clade are virtually identical, except for the placement of Colanthelia in synonymy with Aulonemia in Soreng et al. (2015b) and the annotation of some genera (e.g., Aulonemia, Arthrostylidium, Rhipidocladum) as non-monophyletic in Kellogg (2015) . On-going molecular and morphological studies of the Neotropical woody bamboos will likely produce some additional changes at the generic level as more taxa are sampled.
Recent work by Goh et al. (2013) , Chokthaweepanich (2014), Zhang et al. (2016), and Wong et al. (2016) has refined phylogenetic relationships within the Paleotropical clade of the Bambuseae and produced some changes in classification. The generic classifications of Kellogg (2015) and Soreng et al. (2015b) are very similar, again with the annotation of non-monophyletic genera in Kellogg (2015) but not in Soreng et al. (2015b) . Wong et al. (2016) based on both molecular and morphological data recognize eight subtribes instead of the previous four (see Soreng et al., 2015b) and also highlight some generic realignments (e.g., resurrection of Chloothamnus for most of the Southeast and Australasian species of Nastus and the segregation of Ruhooglandia and Widjajachloa for aberrant species previously included in Nastus). Dransfield (2016) described Sokinochloa to accommodate three Madagascan species previously classified within the otherwise Eurasian Cephalostachyum. These changes resolved some of the obvious generic problems noted by Kellogg (2015) , but generic circumscriptions within the Melocanninae deserve further scrutiny, as does the Bambusa-Dendrocalamus-Gigantochloa complex (Goh et al., 2013) . Kellogg (2015) and Soreng et al. (2015b) recognized more or less the same genera within the Olyreae (although Parianella was not mentioned in the Kellogg treatment), and the subtribal classification of the Olyreae, with three subtribes, (Soreng et al., 2015b) remains stable. Oliveira et al. (2014) demonstrated that Olyra and Parodiolyra as currently circumscribed are non-monophyletic, and on-going work by that group is expected to resolve the major generic issues that remain in the Olyrinae.
The classification here largely follows Clark et al. (2015) and Vorontsova et al. (2016) . The Arundinarieae with only the subtribe Arundinariinae contains 581 species in 31 genera that are almost exclusively distributed in Eurasia; only the three species of Arundinaria are native to North America Zhang et al., 2016) . The species are principally temperate or subtemperate in distribution, associated primarily with forest vegetation but also in high elevation grasslands, with about 20 species occurring at high elevations in the Asian (India, Sri Lanka) or African (including Madagascar) tropics . Tribe Bambuseae includes 966 species in 73 genera placed in 11 subtribes. Subtribes Melocanninae (99 species in 9 genera), Hickeliinae (32 species in 9 genera), Bambusinae (324 species in 17 genera), Racemobambosinae (31 species in 3 genera), Dinochloinae (56 species in 7 genera), Greslaniinae (2 species in 1 genus), Holttumochloinae (6 species in 3 genera) and Temburongiinae (1 species in 1 genus) plus 2 monotypic genera (Ruhooglandia and Temochloa) currently considered incertae sedis form the Paleotropical woody bamboo clade distributed in Eurasia, Australasia or Africa (Kelchner et al., 2013; Clark et al., 2015; Wong et al., 2016) . This clade shares a common ancestor with the Neotropical woody bamboo clade, formed by subtribes Arthrostylidiinae (185 species in 15 genera), Guaduinae (53 species in 5 genera), and Chusqueinae (175 species in 1 genus) distributed in the western hemisphere, in South and Central America, Mexico and the West Indies. Although many Bambuseae grow in association with lowland forests, or form extensive bamboo-dominated forests, a significant proportion of this tribe's diversity is found in tropical montane forests or high elevation grasslands . Tribe Olyreae includes 123 species in 21 genera, and these, with the exception of the monotypic Buergersiochloa from New Guinea and Olyra latifolia L. populations in Africa, occur in the western hemisphere, primarily in the understory of tropical forests in South and Central America .
Pooideae
The two 2015 classifications differed in combining three small tribes with their sister tribes by Kellogg (2015) , for 10 total tribes, and the addition of one new tribe by Soreng et al. (2015b) , for 14 total tribes. Placement of all genera within tribes was consistent between the two classifications except where the tribes were placed in synonymy or split. Kellogg (2015) included Lygeum in Nardeae (Schneider et al., 2009 (Schneider et al., , 2011 Hochbach et al., 2015) , and Ampelodesmos in Stipeae, rather than in their own monotypic tribes (Soreng et al., 2015b) . Brylkinia and Koordersiochloa (Brylkinieae) of Soreng et al. (2015b) were merged into Meliceae by Kellogg (2015) . In addition, the genus Littledalea, (Littledaleeae sensu Soreng) was included in Bromeae by Kellogg (2015) , retaining Bromeae and Triticeae as sister tribes as done by Soreng et al. (2015b) , rather than recognizing three subtribes within Triticeae as proposed by Schneider et al. (2009) and Hochbach et al. (2015) . Kellogg (2015) , without knowledge that Littledaleeae was published in 2015, favored making a new tribe for Littledalea. Soreng et al. (2015b) used the rank of supertribe Triticodae to unite Littledaleeae, Bromeae, and Triticeae tribes, and supertribe Poodae as sister to Triticodae. Kellogg (2015) did not use this rank.
In tribe Poeae Kellogg (2015) recognized 15 of 19 subtribes accepted by Soreng et al. (2015b) . The tribe has two consistently resolved and well supported chloroplast DNA lineages (first resolved by Soreng et al., 1990 ) that were recognized in our 2015 classifications as Poeae chloroplast groups 1 and 2. Using DNA restriction site data within the tribe Poeae chloroplast clades 1 (Aveneae type) and 2 (Poeae type) were identified using six-base-pair restriction enzyme digests (Soreng et al., 1990; Soreng & Davis, 1998 , 2000 . Seven of the sites were unique to chloroplast group 1 (Aveneae type) and three were unique to chloroplast group 2 (Poaeae type). At least 65 species were surveyed using this restriction site protocol, and these two clades within the Poeae are still supported with new phylogenetic studies of chloroplast DNA sequences and whole plastids (Schneider et al., 2009; Hochbach et al., 2015; Saarela et al., 2015) . Chloroplast group 1 contained genera of traditional Aveneae morphology (plus Torreyochloa, Brizinae, and Calothecinae), and Chloroplast group 2 contained genera with traditional Poeae morphology (plus Airinae, Alopecurinae, Holcinae, and Phleinae) sensu Clayton & Renvoize (1986) and older classifications. Recognition of the tribe Aveneae (sensu lato with Agrostideae included) usually was based on spikelets with one or multiple florets, one or both glumes longer than the lower florets, and lemmas with a dorsal, geniculate awn, and hyaline or scarious paleas, whereas Poeae spikelets usually have multiple florets, glumes shorter than the lowest floret, and lemmas with terminal awns or no awns, and chartaceous paleas that are green in part.
These characteristics are believed to have evolved multiple times in the two chloroplast groups . When nrDNA was analyzed, the genera within chloroplast group 1 emerge as a clade nested within chloroplast group 2, with the Airinae, Aristaveninae, Holcinae, and Scolochloinae in a grade sister to the genera in chloroplast group 1. Moreover, genera of Sesleriinae (chloroplast group 2) nest within the set of Arrhenatherum, Avena, and Helictotrichon of subtribe Aveninae (D€ oring et al., 2007; Quintanar et al., 2007; D€ oring, 2009; Schneider et al., 2009 ). The evident mixing of morphologies and chloroplast types indicating hybridization and reticulation led to the abandonment of the two tribe (Aveneae and Poeae) system in favor of series of subtribes (Soreng & Davis, 2000; GPWG, 2001; Kellogg, 2015; Soreng et al., 2015b) . The merging of Aveneae into Poeae was presaged prior to the availability of DNA phylogenetic data by Tzvelev (1987 Tzvelev ( , 1989 . Tzvelev also recognized a broad tribe Phleeae that encompassed several subtribes recognized by Kellogg (2015) and here in Poeae (corresponding to subtribes Alopecurinae, Ammochloinae, Beckmanniinae, Phalaridinae, Phleinae, and Sesleriinae sensu Soreng et al.) , which he characterized as having basally connate, linear, simple plumose or merely papillate styles (versus styles separated, with more complex stigmatic branching in his Poeae).
In chloroplast group 1, Kellogg (2015) subsumed Brizinae s.l. (of our earlier on-line classifications, which included genera of Calothecinae) in Agrostideae. Brizinae (natives of Eurasia) and Calothecinae (of Latin America) have multiple-flowered spikelets with glumes shorter than the lower lemma, lemmas with flared margins and only vestiges of awns, and chartaceous paleas with well-spaced keels and narrow flanges, in contrast to the much of remainder of the Agrostidinae which have primarily single-flowered spikelets, lemmas without flared margins and often dorsally-awned, and hyaline paleas with keels that are often approximate and flanges often broader than the gap between the keels. In addition, within subtribe Aveninae, Kellogg (2015) lumped Koeleria, Trisetum, Gaudinia, Rostraria, Avellinia, Peyritschia, Leptophyllochloa, Parafestuca within Trisetaria based on interpretation of complex early DNA phylogenies (Quintanar et al., 2007; Saarela et al., 2007 Saarela et al., , 2010 . Although the type species of Trisetaria had not yet been sampled in DNA studies until the work of W€ olk & R€ oser (2017) . Anticipating that further work on the subtribe might resolve these genera as monophyletic, Soreng et al. (2015b) retained all these genera (except Parafestuca). Both 2015 classifications overlooked Trisetopsis which is of complex reticulate origin within Aveninae (W€ olk & R€ oser, 2013, 2014, 2017; W€ olk et al., 2015) .
In chloroplast group 2, Kellogg (2015) merged Holcinae sensu Soreng et al. (2015b) into Airinae, an option that seems reasonable on morphological grounds (all having been placed in the historical Aveneae), but this has not been supported on phylogenetic grounds (more study is needed here as the subtribes are closely related). Both 2015 classifications accepted Coleanthinae and a broad Poinae, with Miliinae accepted by Soreng et al. (2015b) and subsumed in Poinae by Kellogg (2015) .
Within subtribe Loliinae, Kellogg (2015) treated the "broad leaf" clade of Festuca s.l. (Torrecilla & Catal an, 2002) as the "Leucopoa grade", rather than apportioning its species among five small genera (Drymochloa, Leucopoa, Lolium, Patzkea, Pseudobromus) as accepted by Soreng et al. (2015b) . The wisdom of any approach here is expected to be tested soon by an in-depth study of phylogeny of Festuca s.l., worldwide (Minaya et al., 2017) . A few other genera were aligned in different subtribes (e.g. Cyathopus, Limnodea) or were recognized by Soreng et al. (2015b) but not Kellogg (2015) [e.g., Arctophila, Brizochloa, Catapodium, Dupontiopsis (new in 2015, Soreng et al., 2015a) , Gaudinopsis, Pseudophleum] or visaversa (e.g., Deyeuxia, Loliolum, Pseudosclerochloa).
In our new classification of Pooideae we have 3968 species in 202 genera in 15 tribes. Poeae is the largest tribe with 2562 species in 121 genera in 25 subtribes, 41 (39 tested) genera are placed among those with chloroplast group 1 type, 80 (78 tested) are placed among those with chloroplast group 2 type.
Currently we retain Nardeae and Lygeeae as separate tribes. Recognizing the strong support for the sister status of Lygeum and Nardus found in molecular studies (Catal an et al., 1997; Schneider et al., 2009; Hochbach et al., 2015; Saarela et al., 2015) and morphological synapomorphies, we here describe supertribe Nardodae. Both genera have bicellular microhairs (otherwise absent in Pooideae) and single linear (non-plumose or simple plumose) styles, and lack lodicules. However, the spatheate, single compound "spikelet" synflorescences of Lygeum are so modified that the traditional grass spikelet structure is unrecognizable.
In our current classification we separate a monotypic Phaenospermateae from Duthieeae based on molecular results of Schneider et al. (2011) and Hochbach et al. (2015) . Among the Duthieeae and other Pooideae, Phaenosperma is morphologically odd with globose spikelets that disarticulate below the glumes, pseudopetiolate and resupinate leaf blades (Schneider et al., 2011) , and it is apparently widely reticulate in origin among tribes Duthieeae, Stipeae, and possibly Meliceae (Hochbach et al., 2015) . We retain Ampelodesmos in the Ampelodesmeae separate from Stipeae based on evidence of a reticulate origin with Duthieeae (Romaschenko et al., 2012 (Romaschenko et al., , 2014 . We recognize the strong genetic influence of Stipeae parentage in Ampelodesmos, by uniting Ampelodesmeae and Stipeae in supertribe Stipodae. One could argue for placing Phaenospermateae and Duthieeae within the Stipodae since some members possess three styles and three lodicules, but the origins of Phaenosperma might be broader. Alternatively, Ampelodesmeae, Duthieeae, Phaenospermateae, and Stipeae tribes might one day be aligned within the Stipodae.
Although Brylkinia is well supported as sister to Meliceae, Meliceae sensu Soreng et al. (2015b) have several morphological synapomorphies (globose styles, short-truncate fleshy lodicules that are usually fused) that are not shared with Brylkinia or Koordersiochloa, so the latter two genera were placed in Brylkinieae. Although our unpublished DNA data support Koordersiochloa as sister to Meliceae, and Brylkinia as sister to these, Schneider et al. (2011) and Hochbach et al. (2015) found support for placing Koordersiochloa within Meliceae. Here we place Koordersiochloa in Meliceae, and unite the tribes Brylkinieae and Meliceae in supertribe Melicodae.
In the Poeae, chloroplast group 1, we recognize Ancistragrostis, Dichelachne, Echinopogon, and Relchela, all primarily Australasian or South American, in a new subtribe, Echinopogoninae that have coriaceous to chartaceous lemmas and paleas (scarious to chartaceous in Dichelachne), lemmas with terminal or sub-terminal awns (absent in Relchela), hairy calluses, caryopses with a hairy apex and solid endosperm (soft in Dichelachne, and usually glabrous). Ancistragrostis is placed here based on morphological similarity to Echinopogon, the former has coriaceous lemmas a stout, central, hooked awn entered by lateral veins, and its caryopsis characters are unknown. Echinopogon and Relchela have been linked in plastid and nrDNA ITS studies (D€ oring, 2009; Barber a et al., unpublished data) . Dichelachne is apparently reticulate and was resolved with Echinopogon (and Relchela where included) in plastid trees as sister to Agrostidinae þ Calothecinae (D€ oring et al., 2007; Soreng et al., 2007; D€ oring, 2009; Barber a et al., unpublished data) . However, in nrDNA-derived phylogenies Dichelachne was embedded in Calamagrostis. We here propose to unite subtribes Agrostideae, Brizinae, Calothecinae, and Echinopogoninae within supersubtribe Agrostidodinae. Within subtribe Agrostidinae our new data (Barber a et al., unpublished data) indicate Calamagrostis (which also includes Deyeuxia p.p. typica, of the eastern hemisphere) is polyphyletic with Ammophila embedded; Chaetopogon Phylogenetic classification of the grasses IIbelongs in Agrostis, and Chaetotropis has a different origin from Polypogon. Chaetotropis, Lachnagrostis and Polypogon appear reticulate in origin.
Within subtribe Aveninae, at least three additional genera (Graphephorum, Sphenopholis and Trisetopsis) would need to be added to the expanded Trisetaria sensu Kellogg (2015) bringing the total to more than 260 species (Saarela et al., in press ; Barber a et al., unpublished data). Here we retain all genera, except Leptophyllochloa and Parafestuca, based on extensive new molecular studies in the Aveninae by Saarela et al. (in press) , Barber a et al. (unpublished data), W€ olk & R€ oser (2014 Barber a et al. (unpublished data), W€ olk & R€ oser ( , 2017 Barber a et al. (unpublished data), W€ olk & R€ oser ( ), and W€ olk et al. (2015 . In order to salvage Koeleria, Trisetum, Gaudinia, Rostraria, Avellinia, Peyritschia, Graphephorum, Sphenopholis, Trisetopsis along with Trisetaria we propose to resurrect Acrospelion s.l. for 12 to 14 Eurasian species of Trisetum that generally have hairy ovaries, distichous leaves, and lax panicles (or combinations of these), and Cinnagrostis for the majority of the South American "Calamagrostis/Deyeuxia" species (ca. 80 to 90 spp.). Also we would move the Trisetum spicatum complex (ca. 25 species) to an expanded Koeleria (ca. 70 spp.), and expand Graphephorum (ca. 6 spp.) and Peyritschia (ca. 27 spp.). Reticulation is evident in the origin of several genera such as Graphephorum, and sporadic among Koeleria and miscellaneous species of other lineages.
In chloroplast group 2 we here correct for polyphyly in our Holcinae (Soreng et al., 2015b) by recognizing subtribe Aristaveninae with only Deschampsia, which is expanded to include species of Calamagrostis sect. Stylagrostis (Saarela et al., in press ; Barber a et al., unpublished data). We here describe supersubtribe Loliodinae to unite the consistently resolved clade that includes the Ammochloinae, Dactylidinae, Loliinae, and Parapholiinae. These subtribes have multiple-flowered spikelets, glumes shorter than the first lemma, lemmas with terminal awns when present, a glabrous callus, and caryopses with a linear hilum that is usually long.
For lack of a rank below subtribe, we erect supersubtribe Poodinae to unite the diverse, but internally homogeneous, subtribes Alopecurinae, Beckmanniinae, Cinninae, Miliinae, Phleinae, Poinae, and Ventenatinae (validated here). Some subsets of the genera placed here have sometimes been accepted in traditional classifications (Tzvelev, 1976 (Tzvelev, , 1989 Davis, 1985) , or implied by generic arrangements (Tutin, 1980; Clayton & Renvoize, 1986) . However, these subtribes were not banded together until recent molecular studies verified their relationships (D€ oring et al., 2007; Gillespie et al., 2008 Gillespie et al., , 2010 D€ oring, 2009; Schneider et al., 2011; Soreng et al., 2015a) . They share glabrous caryopses, usually with lipid, and a short hilum (mostly less than 1 /4 the length), and a hairy callus in genera with more than one floret per spikelet. The large subtribe Poinae sensu Soreng et al. (2015b) and Kellogg (2015) is subdivided, Poinae is revised to include only Poa, and the new subtribe Ventenatinae is recognized here based on the above molecular studies.
Within the Pooideae Agropyropsis, Agrostopoa, Ancistragrostis, Bromidium, Hypseochloa, and Duthiea s.s. need molecular study. A GenBank DNA sequence for Pentapogon suggests placement in Arundinoideae, but this needs corroboration since its morphology agrees with Poeae. Kellogg (2015) and Soreng et al. (2015b) (Marchi et al., 2015; Vorontsova et al., 2015) . Morphologically, Aristidoideae can be distinguished from other grasses in having 3-awned lemmas, a line of hairs for a ligule, 1-flowered spikelets, lemmas with overlapping margins (involute), and a sharp-pointed callus (GPWG, 2001; CerrosTlatilpa et al., 2011) .
Aristidoideae
Panicoideae
In our new classification, subfamily Panicoideae consists of 3241 species in 247 genera and 13 tribes. Morphological trends within the Panicoideae include two-flowered, dorsally compressed spikelets with the lower floret staminate or sterile, although many of the basal tribes, such as the Centotheceae, Chasmanthieae, and Zeugiteae, have laterally compressed, multi-flowered spikelets.
Kellogg (2015) accepted eight tribes and 217 genera whereas Soreng et al. (2015b) accepted 12 tribes and 241 genera. Kellogg (2015) merged Zeugiteae into Chasmanthieae; Cyperochloeae and Thysanolaeneae into Centotheceae; and Arundinelleae into Andropogoneae as a subtribe. Soreng et al. (2015b) followed the classification of S anchez- Ken & Clark (2010) in recognizing centothecoid tribes.
The genera placed in each of these tribes, or merged tribes, were the same with several exceptions. Kellogg (2015) placed Arundoclaytonia in Chasmanthieae whereas Soreng et al. (2015b) retained it in Steyermarkochloeae based on the similarity of the two genera in spikelet form and organization. DNA sequences obtained for Arundoclaytonia by S anchez-Ken & Clark (2010) were incomplete and confusing for the regions sequenced. Therefore, Soreng et al. (2015b) were not prepared to accept the phylogenetic placement of Arundoclaytonia in Chasmanthieae. Kellogg (2015) placed Chandrasekharania and Jansenella in Tristachyideae whereas Soreng et al. (2015b) left these in incertae sedis. In Tristachyideae, Kellogg (2015) lumped Dilophotriche, Loudetiopsis, and Zonotriche in Tristachya, all historically accepted genera maintained by Soreng et al. (2015b) . Kellogg merged Bromuniola in Chasmanthium, and Pohlidium in Zeugites, both accepted by Soreng et al. (2015b) .
Kellogg (2015) recognized Panicoideae s.s. including Andropogoneae, Paniceae and Paspaleae tribes (and four incertae sedis genera) with Paniceae sister to Andropogoneae þ Paspaleae, whereas Soreng et al. (2015b) grouped Paniceae and Paspaleae as supertribe Panicodae (a rank not used by Kellogg) , and Arundinelleae þ Andropogoneae as supertribe Andropogonodae. Each classification of Paniceae and Paspaleae included the same subtribes, except subtribe Dichantheliinae (Zuloaga et al., 2014) was not mentioned by Kellogg (2015) . Alignments of genera were much the same, but Kellogg submerged several genera that were accepted by Soreng et al. (2015b) . In Paspaleae Kellogg lumped Achlaena and Altoparadisium in Arthropogon, Steinchisma and Plagiantha in Otachyrium, Baptorhachis in Axonopus, and Spheneria in Paspalum. In Paniceae Kellogg (2015) placed Walwhalleya in Homopholis, Ancistrachne and Calyptochloa in Cleistochloa, Paraneurachne in Neurachne, Plagiosetum in Paractaenum, Scutachne and Megathyrsus in Urochloa, Mildbraediochloa in Melinis, and Yakirra in Panicum. Also in Paniceae, Adenochloa (Zuloaga et al., 2014) , accepted by Soreng et al. (2015b) , was not accounted for by Kellogg (2015) except as African members of Dichanthelium s.l. Soreng et al. (2015b) placed Snowdenia in Cenchrus whereas Kellogg accepted it.
Whole plastid analyses align Whiteochloa within Panicum, rendering the latter genus paraphyletic, although they are not recommending reclassification until more species within Whiteochloa are analyzed . Soreng et al. (2015b) , Kellogg (2015) , and our current classification place Whiteochloa within the subtribe Cenchrinae. In an unpublished molecular analysis of plastid markers, all six species of Whiteochloa appear as a clade within the Cenchrinae (Zuloaga & Scataglini, unpublished data) . Morphologically, Whiteochloa differs from Panicum in having laterally compressed spikelets, glumes with tubercle-based hairs forming rows along the veins, a deeply sulcate lemma, and cymbiform upper glumes with a hardened and constricted apex (Lazarides, 1978; Watson & Dallwitz, 1992; Kellogg, 2015) .
Even though most members of subtribe Melinidinae appear monophyletic, the synflorescence structure of species and genera is highly diverse with different degrees of branching (Reinheimer & Vegetti, 2008; Reinheimer et al., 2009; Salariato et al., 2010) . Preliminary molecular evidence supports a broad view for Urochloa and we follow this in our new classification while continuing to recognize Megathyrsus (two species) with open and lax panicles, and Scutachne, a Cuban monotypic genus with stipitate synflorescences and indurate upper glumes and lower lemmas (Clayton et al., 2016) . In addition, we maintain a large Eriochloa with 24 species as opposed to Kellogg's (2015) view of restricting it to the type species. A detailed molecular study increasing the number of species sampled is needed before we can interpret the evolutionary history and realign the classification.
In Soreng et al. (2015b) , the Andropogoneae included 12 subtribes excluding Arundinelleae (treated as a sister tribe to Andropogoneae, the two united as supertribe Andropogonodae), whereas Kellogg (2015) had eight subtribes including the Arundinellinae. Soreng et al. (2015b) accepted Arthraxoninae, Chinonachninae, and Coicinae, while genera of these were placed incertae sedis by Kellogg (2015) . Soreng et al. (2015b) accepted Dimeriinae but noted it was nested in Ischaeminae, which is where Kellogg placed it. Sorghinae and Anthistiriinae were accepted by Soreng et al. (2015b) while Kellogg (2015) placed these within Saccharinae and Andropogoninae, respectively.
Within the Andropogoneae the genera accepted in each account in each subtribe, or incertae sedis, differ in so many cases, we hesitate to list them all. Soreng et al. (2015b) accepted 90 genera while Kellogg accepted 86 genera. Soreng et al. (2015b) accepted 11 genera that Kellogg treated as synonyms (Erianthus, Hemisorghum, Miscanthidium, Narenga, Polytoca, Pseudopogonatherum, Ratzeburgia, Sclerachne, Sclerostachya, Trilobachne), and two more she did not account for (Tripidium and Veldkampia) whereas she accepted five genera we placed in synonymy (Cleistachne, Eremopogon, Hackelochloa, Hypogynium, and Sarga), and four we did not account for (Jardinea, Lakshmia, Lasiorhachis, and Leptatherum). Some of the differences result from Kellogg lumping four genera in Chinonachne (which we placed in subtribe Chionachninae; she placed Chionachne in incertae sedis), and lumping three more genera in Miscanthus (Miscanthidium, Narenga, Sclerostachya). The classification of Soreng et al. (2015b) attempted to follow the subtribe and generic arrangements of Clayton & Renvoize (1986) , in so far as molecular studies and GenBank DNA sequence data seemed to provide support. However, it was noted by Soreng et al. (2015b) that significant rearrangements were anticipated for which there was limited data available to us. Kellogg (2015) provided many rearrangements of genera and subtribes, and yet many more are anticipated based on a series of DNA studies she is currently pursuing. This is one of the most complex tribes of grasses, with many polyploidization and reticulation events blurring boundaries between traditional genera higher ranks.
Here we revise Panicodae to include only tribe Paniceae, and expand Andropogonodae to included Paspaleae. Trends within the supertribe Andropogonodae include a base chromosome number of x ¼ 10 and the occurrence of paired spikelets, these commonly sessile and pedicelled. In supertribe Panicodae the base chromosome number is x ¼ 9 and spikelets are mostly upaired. In our new classification we attempt to follow Kellogg (2015) for Andropogoneae, as far as we are comfortable in doing so while acknowledging Kellogg is far more knowledgeable of the tribe worldwide than any of our coauthors. Accordingly, Dimeriinae is placed in Ischaeminae, Sorghinae in Saccharinae, and Anthistiriinae in Andropogoninae. Gosavi et al. (2016) and Arthan et al. (2016) offer new insights in Rottboelliinae, and we now accept Hackelochloa (as did Kellogg). Kellogg (2015, p. 300 ) mentioned an unpublished DNA study where Coelorachis is placed in Rottboellia rather than Mnesithea as proposed by Veldkamp et al. (1986) ; and we now follow that here.
New DNA data allow placement of Jansenella in Arundinelleae in our new classification but we are not aware of any DNA data for Chandrasekharania (both of which Kellogg placed in Tristachyideae), so we leave the latter genus incertae sedis. We now have 98 accepted genera in the Andropogoneae and 247 genera for the subfamily. The following changes are accepted here. The monotypic tribe Lecomtelleae was resurrected by Besnard et al. (2013) as sister to Paniceae in various combinations with Paspaleae and Sacchareae (¼Andropogoneae). The single species of Lecomtella occurs in Madagascar, occupying a phylogenetically and biogeographically interesting position. Lecomtella madagascariensis A. Camus has C 3 leaf anatomy, an external ligule, and a fertile upper lemma with wing-like rachilla appendages and a dense covering of trichomes on a papillate surface (Besnard et al., 2013) . Silva et al. (2016) resurrected Chasechloa as another monotypic genus of Panicoideae from Madagascar, placing it in Boivinellinae of Paniceae, rather than in Echinolaena of Paspaleae as done by and Soreng et al. (2015b) ; Chasechloa was not mentioned by Kellogg (2015) . Kellochloa, Hildaea, and Oedochloa are new genera, and Setiacis is tentatively accepted as a segregate of Acroceras . New synonyms are: Walwhalleya now placed in Homopholis, Mildbraediochloa in Melinis, Arthragrostis in Panicum, Leptocoryphium in Anthaenantia, and Spheneria in Paspalum. Soreng et al. (2015b) treated the Arundinoideae as having 16 genera aligning in two tribes, Arundineae and Molinieae, with the Crinipes group (Crinipes, Lepatgrostis, Nematopoa, Piptophyllum, Styppeiochloa, and Zenkeria) sensu Linder et al. (1997) and Barker et al. (1998) placed in the Molinieae. Kellogg (2015) accepted 18 genera plus "Eragrostis walteri Pilg." [¼Pratochloa walteri (Pilg.) Hardion] without subtribe affiliation (Hardion et al, in press ). Soreng et al. (2015b) placed Alloeochaete, Danthonidium, and Phaenanthoecium in the Danthonioideae but also included Moliniopsis in the Arundineae and reported that "Eragrostis walteri" belonged in the Arundinoideae.
Arundinoideae
Recent whole chloroplast phylogenies (Cotton et al., 2015; Duvall et al., 2016 Duvall et al., , 2017 have corroborated generic relationships within Arundinoideae identified by previous analyses of chloroplast genes (GPWG II, 2011) and mixed morphological and molecular datasets (GPWG, 2001) . Based on plastome analysis, Teisher et al. (in press) found that Crinipes and Styppeiochloa are sister and the remaining "crinipoid" grasses are polyphyletic, with Nematopoa aligning within the Chloridoideae, and Alloeochaete and Dichaetaria aligning within the Panicoideae. This latter placement is in contrast with Teisher's prior preliminary analyses that placed Dichaetaria in the Arundinoideae in a position sister to Dregeochloa (Soreng et al., 2015b) .
In our new classification we recognize two tribes and two subtribes in Arundinoideae. The Arundineae is characterized by glumes that are typically as long as or longer than the lowest floret and contain 17 species in four genera: Amphipogon, Arundo, Dregeochloa, and Monachather. The Molinieae generally have glumes that are shorter than the lowest floret and contain 24 species in 11 genera. The Moliniinae consists of Hakonechloa, Molinia, Moliniopsis and Phragmites while the Crinipinae consists of Crinipes, Elytrophorus, Styppeiochloa, and "Eragrostis walteri." Three genera in this group, Leptagrostis, Piptophyllum, and Zenkeria still lack molecular data, and given the polyphyletic nature of the former crinipoid group, it is likely one or more of these genera are misplaced in Arundinoideae (Hardion et al., in press ). Soreng et al. (2015b) divided the Micrairoideae into four tribes: Micraireae, Eriachneae, Isachneae, and Hubbardieae whereas Kellogg (2015) did not recognize any subtribes below the rank of subfamily but did suggest, "if they are to be recognized, then Micraireae include only Micraira, Eriachneae include Eriachne and Pheidochloa, and Isachneae include the rest." New plastome phylogenies align Hubbardia and Limnopoa within Isachneae (Teisher, 2016; Duvall et al., 2017; Teisher et al., in press) and Pheidochloa considered a synonym of Eriachne (Teisher, 2016; Teisher et al., in press ). Our current classification incorporates these changes, recognizing an unchanged Micraireae and Eriachneae, both monotypic, and an expanded Isachneae containing Isachne, Coelachne, Heteranthoecia, Sphaerocaryum, and Hubbardia. The Isachneae is by far the largest tribe in the subfamily (113 species) and is in need of a worldwide revision since Isachne is portrayed as paraphyletic (Teisher et al., in press) . A salient morphological synapomorphy for this subfamily is lacking, although most species tend to have a line of hairs for a ligule, 2-flowered (1-flowered in Sphaerocaryum and one species of Coelachne), spikelets without a rachilla extension, both florets fertile in most, or the lower sterile (Limnopoa, Hubbardia and some Isachne), and caryopses with small embryos (S anchezKen et al., 2007) . Soreng et al. (2015b) recognized the tribe Danthonieae with 17 genera whereas Kellogg (2015) included these same 17 genera within the Danthonioideae without a tribe. In addition, Soreng et al. (2015b) recognized Alloeochaete, Danthonidium, and Phaenanthoecium as incertae sedis in the subfamily. New molecular DNA results confirm that Phaenanthoecium is aligned within the Danthonieae and that, as previously mentioned, Alloeochaete aligns within the Panicoideae (Teisher et al., in press ). Phaenanthoecium koestlinii (Hochst. ex A. Rich.) C.E. Hubb. has Danthonioideae-like characteristics with flattened awns inserted from the sinus of a bilobed lemma (Teisher et al., in press ). In our new classification with the addition of Phaenanthoecium there are 18 genera in the Danthonieae and only Danthonidium remains as incertae sedis within the subfamily. Kellogg's (2015) classification of the Chloridoideae is very similar to that of Soreng et al. (2015b) , both recognize five tribes and about the same number of genera. However, Kellogg includes the Zoysiinae and Sporobolinae as synonyms in the Zoysieae, and within the Cynodonteae, the Aeluropodinae is omitted. As pointed out by Kellogg (2015) , earlier studies render Aeluropus in an unresolved position (Peterson et al., 2010a) ; with additional data Peterson et al. (2016) found Odyssea paucinervis (Nees) Stapf to be a strongly supported sister [bootstrap (BS) ¼ 100, posterior probability (PP) ¼ 1.00] and therefore an additional member of the Aeluropodinae. In Kellogg, the Hilariinae, Monanthochloinae, Muhlenbergiinae, Scleropogoninae, and Traginae are placed as synonyms within Boutelouinae; and Cteniinae, Farragininae, Gymnopogoninae, Perotidinae, and Trichoneurinae are synonymized within Gouniinae. It is clear how she arrived at this since Peterson et al. (2010a Peterson et al. ( , 2010b Peterson et al. ( , 2014a Peterson et al. ( , 2016 had found strong support for clades of the expanded Boutelouinae sensu Kellogg (BS ¼ 93 or 94, PP ¼ 1.00) and Gouiniinae sensu Kellogg (BS ¼ 100, PP ¼ 1.00). We describe two new supersubtribes for these clades in the taxonomy section.
Micrairoideae
Danthonioideae
Chloridoideae
In our new classification, subfamily Chloridoideae consists of 1602 species in 124 genera and five tribes. Most members of the Chloridoideae share two structural synapomorphies: C 4 leaf anatomy (except two species of Ellisochloa) and bicellular microhairs with a broad, short terminal cell the same thickness as the basal cell . Morphological trends within the subfamily include a base chromosome number of x ¼ 10 (a pleisiomorphy), caryopses with a nonlinear hilum that are usually punctiform or small, embryos with elongated mesocotyl internodes, two non-membranous (fleshy) lodicules (Soreng & Davis, 1998; GPWG, 2001; Peterson et al., 2007) .
The largest tribe, Cynodonteae includes 850 species in 94 genera, followed by the Eragrostideae with 489 species in 14 genera, the Zoysieae with 233 species in four genera, the Triraphideae with 15 species in three genera, and the Centropodieae with six species in two genera. We recognize 21 subtribes within the Cynodonteae and this includes three new subtribes: Dactylocteniinae, Orininae, Zaqiqahinae (Peterson et al., 2016) . Species in the Dactylocteniinae (includes Acrachne, Brachychloa, Dactyloctenium, and Neobouteloua) have synflorescences composed of digitately arranged racemes or racemes borne on a central axis, caryopses usually with a free pericarp (excluding Neobouteloua), 1-9-flowered laterally compressed spikelets, glumes that are usually shorter than the spikelets (excluding a single species of Dactyloctenium), and (1-)3(-5)-veined lemmas (excluding a single species of Dactyloctenium) (Clayton et al., 2016) . We have evidence of a possible hybridization event and subsequent genomic introgression between Acrachne racemosa (B. Heyne ex Roem. & Schult.) Ohwi and an unknown member of the Eleusininae since our plastid and nuclear DNA markers are not congruent (Peterson et al., 2015 (Peterson et al., , 2016 Peterson & Romaschenko, unpublished data) .
Species in the Orininae (includes Cleistogenes and Orinus) have paniculate synflorescences with racemose branches borne along a central axis, (1)2-8-flowered spikelets, glumes that are shorter than the adjacent florets, and 3-7-veined lemmas (Peterson et al., 2016) . The two genera are often difficult to separate morphologically, and have been linked historically since the basionym of Orinus kokonorica (K.S. Hao) Tzvelev was described as a Cleistogenes (Hao, 1938) . However, Cleistogenes (13 or 14 species ranging from southern Europe to Turkey and eastward through central Asia and China) has hidden cleistogamous spikelets concealed within the upper sheaths (not found in Orinus), a cespitose habit or very short rhizomes (vs. elongated rhizomes in Orinus), and 3-7-veined lemmas (vs. 3-veined lemmas in Orinus) .
The Zaqiqahinae includes a single species, Zaqiqah mucronata (Forssk.) P.M. Peterson & Romasch. [Odyssea mucronata (Forssk.) Stapf], a suffrutescent perennial with stiff, hard, much-branched culms up to 2 m tall, lemmas 4-5 mm long, and is found along the immediate coast bordering the Red Sea in sand dunes or plains (Peterson et al., 2016) . Molecular analyses of the three species formerly placed in Odyssea confirmed that each one had a different evolutionary origin (Peterson et al., 2014b (Peterson et al., , 2016 . Odyssea paucinervis, as previously mentioned, is sister to Aeluropus, and both genera have elongated rhizomes, stiff and pungent leaf blades, synflorescences composed of racemes born on a central axis, multiple-flowered spikelets, and mucronate lemmas (Clayton et al., 2016) . In addition, we have evidence of a possible hybridization event and subsequent genomic introgression between O. paucinervis and an unknown member of Dactylocteniinae (Peterson et al., 2016) . Morphologically, Zaqiqah mucronata and Odyssea paucinervis are very similar in having short, rigid to pungent leaf blades; narrow and contracted panicles; several-flowered spikelets with 1-veined glumes; lemmas that are 3-veined with silky villous veins, apices dentate and mucronate; and caryopses with free pericarps (Stapf, 1922; Phillips, 1951 Phillips, , 1995 Cope, 1999 Cope, , 2007 . The third species, Odyssea jaegeri (Pilg.) Robyns & Tournay, with smooth, glabrous, and unawned lemmas was placed in Psilolemma by Phillips (1974) and has recently been found to be sister to Sporobolus, a member of the tribe Zoysieae and Sporobolinae (Peterson et al., 2014b) . Clearly, the morphological features of these three former species of Odyssea are a result of convergent evolution.
Since our last classification, new molecular DNA studies have aligned Halopyrum in the Tripogoninae, Decaryella (Vorontsova 1398 in GenBank) and Hubbardochloa in the Hubbardochloinae (older name for the Gymnopogoninae), and Pogononeura in the Traginae (Peterson et al., 2015 (Peterson et al., , 2016 . New genera include: Orthacanthus (monotypic) in the Traginae, Triplasiella (monotypic) in the Gouiniinae, and Tripogonella (3 species) in the Tripogoninae (Peterson et al., 2016) . Within the Eleusininae, Chloris now includes Lintonia as a synonym, Microchloa (includes syn. Rendlia), Tetrapogon (includes syn. Saugetia), and Neostapfiella (Vorontsova 1486 in GenBank) is new to the subtribe (Peterson et al., 2015) . Within the Orcuttiinae, Orcuttia now includes Tuctoria as a synonym, and within the Triodiinae, Triodia includes Monodia and Symplectrodia as synonyms Toon et al., 2015) . Nematopoa (formerly placed in Molinieae of the Arundinoideae) is now a synonym of Triraphis in the Triraphideae (Teisher et al., in press 
